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Introduction
Mucoepidermoid carcinoma (MEC) is a rare malignancy among head and neck cancers; however, it is the most common type of salivary gland malignancy and accounts for 10% of all types of tumors, including benign and 30%-35% of malignant tumors [1, 2] . Approximately 60% of MECs originate from the major salivary glands, and the parotid gland is the predominant site [3] [4] [5] . These neoplasms exhibit various clinical courses from indolent to highly aggressive locally and highly metastatic. Surgery has been the principal treatment modality for salivary gland MEC, and postoperative radiotherapy has recently been used for T3-4 tumors, neck node metastases, close or positive resection margins, and high-grade tumors. However, there is limited information on the clinicopathologic prognostic factors of patients who underwent surgery and postoperative radiotherapy [6] [7] [8] [9] [10] . Hence, to investigate treatment outcomes, we retrospectively reviewed patients with major salivary gland MEC who underwent surgery and postoperative radiotherapy, which included local tumor control, survival, and prognostic factors.
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Materials and Methods
Patient characteristics
A total of 45 patients with primary MEC of the major salivary glands underwent surgical resection and postoperative radiotherapy between 1991 and 2014 at Asan Medical Center. After a review of the pathologic findings, 44 patients were enrolled, and 1 patient with neuroendocrine carcinoma was excluded. We evaluated clinicopathologic variables such as the age, gender, symptoms, disease location, tumor size, T stage, and N stage of the patients. All patients underwent disease staging according to the 7th edition of the American Joint Committee on Cancer (AJCC) staging system. A histopathologic review was re-performed by a head and neck pathologist who reviewed the histologic features of all patients with the available microscopic slides and paraffin-embedded tissue blocks. Histologic grading was performed according to the Armed Forces Institute of Pathology (AFIP) criteria proposed by Goode et al. [5] .
Radiotherapy and follow-up
In general, postoperative radiotherapy was performed for stage T3-4 tumors, positive resection margin, perineural invasion, positive neck node, or high-grade tumor. The target volume for tumors without lymph node involvement was the surgical bed. For high-grade tumors and tumors with lymph node involvement, the target volume included the surgical bed, involved nodal stations, and ipsilateral neck nodes at level I-IV. In general, a dose of 60 Gy was delivered to the surgical bed via conventional fractionation with photons, electrons, or both using a linear accelerator. No patient received adjuvant chemotherapy.
Patients were followed up 4-6 weeks following the completion of therapy and then every 3 months for the first 2 years. Subsequently, the patients were monitored every 6 months. A physical examination at each follow-up visit and a CT scan of the head and neck were performed as needed.
Statistical analysis
The baseline follow-up date was the day of surgery, and the last follow-up date was the last hospital visit or phone call date. The overall survival (OS) was calculated from the baseline date to the date of the patient's death, censoring the last follow-up date. The locoregional recurrence-free survival (LRFS) and the distant metastasis-free survival (DMFS) were calculated from the baseline date to the first recurrence date, censoring death or the last follow-up date. Survival curves were produced using the Kaplan-Meier method and the logrank test. All statistical analyses were performed using SPSS software version 12.0 (SPSS Inc., Chicago, IL, USA).
Results
Patient characteristics
The median patient age was 46 years (range, 12 to 75 years). At the time of diagnosis, all patients were presented with a palpable mass and median symptom duration of 5 months (range, 1 to 240 months). MEC was found in the parotid gland of 38 patients (86.4%), in the submandibular gland of 4 patients (9.1%), and in the sublingual gland of 2 patients (4.5%). In addition, 28 patients (63.6%) had a confirmed AJCC staging group of more than stage III. Among 38 patients with parotid MEC, total parotidectomy was most commonly performed (n = 31). In cases of submandibular or sublingual MEC, surgery with a wide excision was performed for 5 patients, and mass excision was performed for 1 patient. Furthermore, neck dissection was performed for 19 patients (43.2%); 16 of them underwent selective neck dissection, and 3 of them underwent modified radical neck dissection. The median number of positive nodes was 2 (range, 1 to 33) in cases with node involvement. The median radiotherapy dose was 59.7 Gy (range, 39.6 to 66.6 Gy). Three-dimensional planning or intensity-modulated radiotherapy was performed for 24 patients (54.6%) (Table1).
The histopathologic characteristics are shown in Table 2 . An extraglandular extension was observed in 31 patients (70.5%), and 24 patients (54.5%) had positive margins. According to the AFIP system, low-grade, intermediate-grade, and high-grade tumors were detected in 16, 20, and 8 patients, respectively.
Treatment outcome and survival
The median follow-up duration was 9.8 years. At the time of analysis, 7 patients (15.9%) had recurrences (locoregional failures in 3 patients, distant failures in 2 patients, and both locoregional and distant failures in 2 patients) ( Table 3 lungs (n = 3) and bone (n = 1). Salvage surgery was performed on 3 patients with locoregional recurrence, and 2 of them were alive with a 'no evidence of disease' status at their last follow-up. The 5-year and 10-year LRFS, DMFS, and diseasefree survival (DFS) rates were 90.6% and 87.6%, both 90.5%, and 86.2% and 83.4%, respectively. The 5-year and 10-year OS rates were 81.5% and 78.0%, with 11 patients dying during the follow-up period. Among the patients, 5 died due to MEC; 4 of them died from distant metastasis, and 1 of them died from locoregional recurrence. Therefore, the 5-year cause-specific survival was 87.9%.
Prognostic factors
Univariate analysis revealed that tumor location (parotid vs. non-parotid, p = 0.031), N stage (N0-1 vs. N2, p = 0.018), and lymphovascular invasion (p = 0.005) were significant prognostic factors of LRFS. Nodal stage, histologic grade, and lymphovascular invasion showed prognostic significance for DMFS, DFS, and OS (Table 4 ). In addition to these factors, tumor location and extraglandular extension were significant prognostic factors for OS. Multivariate analysis revealed that histologic grade (hazard ratio = 3.699; 95% confidence interval, 1.057-12.941; p = 0.041) was an independent prognostic factor for OS (Fig. 1) . The 5-year OS and DMFS rates were 37.5% and 46.7% for patients with high-grade tumors and 91.7% and 100% for those with non-high-grade tumors (p < 0.001) ( Fig.  2A, 2B) . Out of 8 patients with high-grade tumors, 4 patients Values are presented as median (range) or number (%). MEC, mucoepidermoid carcinoma; 2D, two-dimensional; 3D-CRT, three-dimensional conformal radiotherapy; IMRT, intensity-modulated radiotherapy. 
Discussion and Conclusion
Several retrospective studies of salivary gland malignancies have established the positive role of postoperative radiotherapy in the treatment of patients with poor prognostic factors [11] [12] [13] [14] . Most of the studies included patients with heterogeneous histologic subtypes. However, some studies considered histologic type as a prognostic factor for survival [12, [15] [16] [17] . There is limited information on the clinical outcomes of patients with salivary gland MEC who underwent surgery and postoperative radiotherapy [6, [8] [9] [10] 18, 19] . GhoshLaskar et al. [18] reported 5-year DFS and OS rates of 77.8% and 92.4% among 113 patients with parotid gland MEC, 61% of whom received adjuvant radiotherapy. Guzzo et al. reported to be important prognostic factors that affect therapeutic decision-making [6, 9, 10, [18] [19] [20] . In our study, the histologic grade was an independent prognostic factor for OS in multivariate analysis. Different sets of histologic criteria have been used for grading in previous studies. Therefore, the survival outcomes observed in retrospective studies should be interpreted with caution. There are three predominant grading systems, including the Batsakis and Luna modification of the Healey system [21] , the Brandwein system [22] , and the AFIP system [5] . Brandwein et al. [22] found that the AFIP grading criteria tended to downgrade MEC. Therefore, they proposed a modified grading system with the addition of other criteria such as vascular invasion and tumor infiltration pattern. Luna [4] compared all three grading systems in 2006 and found that the Batsakis and Luna modification of the Healey system and the Brandwein system were more accurate for grading and that the AFIP system tended to downgrade MEC. However, as the AFIP system is easier to reproduce, we prospectively graded the tumors based on this system [5] (Table 5) . Despite the limitation, this is one of the few studies that have reported the survival outcomes of patients who underwent surgery and postoperative radiotherapy for MEC based on histologic grade and that have stated the grading system used for reevaluating the grade [10] . Institutions should use a uniform grading system for MEC to accurately assess the prognosis and set treatment guidelines.
Our data demonstrated a high rate of locoregional control, whereas patients with high-risk features such as high-grade or advanced stage showed poor OS and DMFS. For squamous cell carcinomas originating from other sites in the head and neck, postoperative concurrent chemotherapy, particularly with cisplatin, has been shown to improve OS [23, 24] . However, as far as we know, there has been no prospective study of the role of concurrent chemotherapy in salivary gland cancer. Several retrospective studies have been reported, but most are small series with a variety of histology and various chemotherapy regimens [25] [26] [27] [28] . In a series of 24 cases from Pederson et al. [26] , concurrent postoperative chemotherapy (paclitaxel, 5-fluorouracil, hydroxyurea) with radiotherapy for locoregionally advanced and high-risk salivary gland malignancies showed 5-year OS rate of 59%. Mifsud et al. [27] analyzed 140 patients with high-risk salivary gland carcinomas treated with postoperative concurrent chemoradiotherapy (37 patients) or radiotherapy (103 patients). In their population, concurrent platinum-based chemotherapy did not significantly improve progression-free survival compared to radiotherapy alone. The use of concurrent chemotherapy in the treatment of high-risk salivary gland cancer is not recommended until prospective evidence is available.
In our current study, the parotid gland was the predominant site, followed by the submandibular gland and the sublingual gland; these results are in agreement with other published findings [5, 12, 20] . Our result demonstrated that patients with parotid gland tumors had a better prognosis than those with non-parotid tumors; however, this result showed no significance in multivariate analysis. Spiro et al. [29] found that metastases from the submandibular gland were more frequent than those from the other major salivary glands. Some studies have indicated that patients with submandibular gland tumors should receive more intensive treatment [5, 30] . In a recent study by Granic et al. [31] , submandibular/sublingual MECs contributed to a poor prognosis compared with parotid or other minor salivary gland MECs. However, Brandwein et al. [22] reported that there was no correlation between the tumor site and prognosis. They indicated that the reported poor survival outcomes of patients with submandibular gland MEC in the literature may be associated with a lesser cuff of the surrounding normal tissue of submandibular gland resection specimen compared with that of a superficial parotidectomy specimen.
In conclusion, this study found that histologic grade was the most important prognostic factor in cases of major salivary MEC treated with surgery and postoperative radiotherapy. Although surgery followed by radiotherapy could result in excellent locoregional control, the poor prognosis of highgrade tumors emphasizes the need for a more aggressive treatment approaches such as adjuvant chemotherapy or targeted therapy.
